The primary purpose of this paper was to provide insight into the methodological issues and associated reliability of assessments used to quantify running sprint ability in youth athletes aged 8-18 years. Over-ground sprinting was the most reliable and common used choice of assessment to measure sprint performance of youth. In addition, the performance data of those athletes over distances ranging from 5 to 40 meters was collated from 34 published articles and tabulated with regards to the athlete's chronological age. Torque or nonmotorized treadmills have been used to quantify sprint performance in youth with acceptable reliability, this technology providing deeper insight into sprint kinetics and kinematics; however there is limited performance data on youth using the torque and the nonmotorized treadmill. It is suggested that future research should use this technology in youth to better understand changes associated with growth, maturation and training.
Sprinting is an essential component in many sports and can distinguish between good and better athletes during team sports performance (49) . The sprint can be divided into a number of phases: the start including first step quickness, acceleration, maximum velocity, and deceleration. First step quickness, defined as the first 0-5 m is usually included in the acceleration phase, particularly characterized by high propulsion force (39, 50) , and of extreme importance in many sports (12, 19, 25) . The acceleration phase can also be defined as the distance needed to attain maximum velocity. Maximum velocity is the highest speed during the sprint. Deceleration follows the maximum velocity phase and is characterized by a percentage decrease in velocity until the completion of the sprint. Depending on the sport and position, the phases of the sprint can have different importance. For example the acceleration phase of untrained is shorter (8) compared with professional sprinters who are able to accelerate until 50-60 m (8, 40) , whereas professional soccer players use only 17-20 m in distance (9) .
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Testing and monitoring athletes sprinting speed is important and can have different purposes i.e., comparison between athletes, controlling training efficacy, talent identification and monitoring long-term-athlete development. However, most of the literature relates to adults, even though more young athletes are becoming involved in advanced level athletics (23) and long term athlete/player development programs, which suggests the needs for accurate and reliable tests and performance data in youth. Currently a variety of assessment equipment and techniques can be used to assess the sprint ability of athletes' e.g., timing lights, torque treadmills and nonmotorized treadmills. The quantity and quality of the information provided by these technologies varies markedly and the reader needs to be cognizant of the advantages and limitations as well as the contribution each technology provides in understanding sprint capability, particularly in youth. Given this information the aim of this article is to: 1) describe the most common tests used for assessing sprint running in youth; 2) present the associated reliability for the tests; and, 3) present performance data for each assessment where appropriate.
Methods
To obtain articles for the review, a database search of PubMed, Google Scholar, Sport Discus and Medline was conducted. The search terms used as separate words or in combination with each other for "title", "keywords" and "in-text search" were: "sprint", "sprinting", "acceleration", "velocity", "running", "power", "speed", "agility", "ability", "repeated", "youth", "short term power output", "long term development", "physical activity", "children", "performance", "assessment", "motor", "competence" and "skills". The bibliographies of all reviewed articles were then searched and also reviewed. The search ended on the 18th of November 2010. Studies were included if they fulfilled the following 6 selection criteria: (a) the study clearly detailed the outcome measures of interest (e.g., sprint time over 30 m) which had to be less than 40 m; (b) the study gave information about participants characteristics (i.e., number, age); (c) the study clearly outlined measurement procedures (i.e., used equipment, testing procedures); (d) the study presented group means for the appropriate sample; (e) the study was published in a peer-reviewed book or as peer-reviewed journal article or abstract; and (f) the study had to have been written in the English or German language. The following characteristics were recorded for all articles: Author, year, sample size, gender, training status, age, maturation, testing distance, testing equipment, data analysis, dependent variables and sprint time.
Results

Overground Running Tests
A total of 106 studies were found of which 34 studies were included and 72 excluded in this section. Reasons for exclusion included an insufficient description of the: subject's characteristics; age range; or, assessment procedures i.e., measurement device not given.
As can be observed from Table 1 and Table 2 the distances that have been assessed using youth participants ranged from 5 to 40 m. Two methods were used to quantify the sprinting time of the participants. Timing lights were used in 91% of the studies and 9% used a stopwatch. Twenty-three studies (68%) used the fastest sprint time out of multiple sprints for data analysis, six studies (18%) used the average time of multiple sprints and an additional five studies (15%) did not mention how the sprint time was selected i.e., data analysis. The total number of subjects from which the performance data were generated was 2864. Of these 2864, 77% were males and the remaining 23% females. Seventy six percent of the studies included used athletic participants, while the remainder were categorised as nonathletic (19%) or the training status was not reported (5%).
In terms of the age of the participants, the age range was 8-18 yrs with the mean age of 13.95 years for the male sample and a mean age of 13.7 for the females. Only two studies described the maturation of the participants (6,31) and two studies reported sprinting time in relation to the subjects' peak height velocity (46, 58) .
Methodological Issues. As can be observed from Table 1 and Table 2 several methodological issues make comparison of the data difficult. Time measurement devices were single or double beam timing gates, and stop-watches, the greatest measurement error associated with the use of stopwatches the least with dual beam infra red timing light technology. Different starting stances (standing start, split start, three point start, track and field start), starting distance behind the start line (30 cm-20 m) and different running surfaces will influence the sprint time. Several studies also did not mention which data (fastest vs. average trial) were used for data analysis.
Reliability of Overground Sprint Running Assessments.
A total of seven studies reported the reliability of overground sprinting in youth population (6, 11, 16, (28) (29) (30) 32) . Intra-and interday CVs for sprinting distances of 10, 20, 30 and 40 m ranged from 0.83-2.07% (6, 16) . Intra-and interday ICCs ranged from 0.88 and 0.98 for 10-40 m (6, 16, 29) and Pearson correlation coefficient from 0.90-0.97 (28) (29) (30) 32) .
Performance Data of Overground Sprinting. Specific performance data for different populations, distances, gender and assessement methodologies can be observed in Tables 1 and 2 . Figures 1 and 2 summarize this data so as to provide insight into the trends regarding sprint performance over time (chronological age). The reader needs to be cognizant of the limitations cited previously when viewing this data. Average sprint times for male subjects (n = 2864) over 5, 10, 20, 30, and 40 m, calculated from all subjects and age groups, are shown in Figure 1 . Average sprint time for boys decreased markedly with age over all distances until approximately the age of 15 years, after which the rate in decrease of sprint times lessened (i.e.,16-18 years).
Average sprint times for female subjects (n = 670) over 5, 10, 20, 30, and 40 m, calculated from all subjects and age groups, are shown in Figure 2 . It seems that when females are compared with males at the same chronological age, the male times were less over all distances. Average sprint time for girls decreased markedly with age over all distances until approximately the age of 16 years, after which the rate in decrease of sprint times lessened (i.e.,17-18 years).
Torque Treadmill
In addition to overground sprinting, a torque treadmill was also used to sprint kinetics and kinematics (5, 14) . A motor built into the treadmill equalizes the friction caused by the subjects' weight, while a harness connected to a strain gauge measures the subjects' horizontal force, with a goniometer recording the angle at which horizontal force was created. Horizontal displacement of the belt is measured by a sensor system attached to the rear rolling drum (24) . Methodological Issues. Generally, studies which examined single running sprints with a duration over 10 s were excluded. The highest speed and power during sprinting on a torque treadmill was achieved within the first 10 s, and longer test durations will affect mean power output, trigger different energy systems and test other running qualities/abilities of the participants. Peak power is a measurement of the highest power achieved in a defined period of time and is usually the averaged peak power of the number of foot strikes in that time period. Methodological issues also arise when a rolling or a standing start is used for data collection. Furthermore the elasticity of the tether will affect horizontal force output.
Reliability of Torque Treadmill Sprint Running Assessments. One study investigated the reliability of peak and mean power of pediatric population performing a 30-s sprint on a torque treadmill (14) . Interday ICC values were 0.80 and 0.81 for peak and mean power respectively.
Test-retest reliability using a Pearson correlation of power variables measured for a 5-s sprint duration in adults were 0.8-0.89 (24) .
Performance Data of Torque Treadmill. Only one study measured single sprint performance with a duration of less than 10 s using this technology (5) . Maximum velocity, mean power, mean power per kg body weight of 11 male handball players (< 18 years old) during a eight second sprint on a torque treadmill were measured (Table 3) . However, a measurement of participant's maturation was not included. There is a need for further research in this area.
Nonmotorized Treadmill
A nonmotorized treadmill has been used to measure sprint kinetics and kinematics in youth (3, (43) (44) (45) 47, 48, 51, 54, 59) . A horizontal load cell, attached with a harness to the runner, measures the horizontal force. Typically four individual load cells, Table 4 . Reliability values for variables measured on a nonmotorized treadmill during a single sprint with a duration of 6-10 s including a complete recovery in adults (35, 52) were also reported throughout literature. The coefficients of variations (CV) for the variables of interest reported in these studies were 1.3-1.9% for the speed variables (52), 8.0-9.1% for the force variables (52), and 4.3-9.3% for power variables (35, 52) . The ratio limits of agreement (95% LoA) ranged from 1.00-1.05 */÷ 1.03 (52) for speed variables, from 1.01-1.04 */÷ 1.15-1.21 (52) for force variables, and 1.02-1.07 */÷ 1.12-1.21 (52) for power variables.
Performance Data of Nonmotorized Treadmill. No study investigated single sprint performance with a duration of below 10 s using youth participants which also including measurement of maturation. There is a need for further research in this area.
Discussion and Conclusions
Measuring sprint performance of youth can have various purposes and use different technologies and protocols. Running over-ground is still the easiest, most popular and accurate measurement of youth's sprint ability. However, the variables of interest are typically sprint times between timing lights from which average velocities can be calculated. While valuable in terms of monitoring sprint performance, this information is extremely limited in terms of understanding the mechanical determinants of sprint performance. In this regard a torque or a nonmotorized treadmill can provide mechanistic information on sprint kinematics and kinetics in youth. However, there are a limited number of studies that have used this type of technology in youth and the reliability of many of the variables that can be quantified from these treadmills for the most part have not been established. In addition, the utilization of this type of technology can be used to perform cross-sectional and longitudinal studies across age and maturation groups, which could give insight into those variables that guide programming to better effect and possibly identify windows of trainability. 
